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1 .o SUMMARY 

A comparison has been accomp 

sur face cond i t ions .  A simple d i f  

s t r u c t u r e  cons is t s  of a phosphine 

ished between several  wafer th icknesses and 

used j u n c t i o n  s t r u c t u r e  was used. This  

d i f f used  f r o n t  j u n c t i o n  on a p-type 

subs t ra te  w i t h  no back sur face enhancement. Junc t ion  edges were prepared 

by a mesa e tch  technique. LPCVD s i l i c o n  n i t r i d e  was used f o r  an AR 

coa t ing  and p l a t i n g  mask. The c e l l  back was f u l l y  covered w i t h  metal. 

A p la ted  pa l lad ium-s i l ver  m e t a l l i z a t i o n  was used f o r  a l l  t h e  t e s t  devices 

i n  o rder  t o  e l i m i n a t e  poss ib le  d ip -so lder ing  d i f f i c u l t i e s  w i t h  t h e  t h i n n e s t  

subst rates.  A l l  t e s t  lots but  one used subs t ra tes  which were texture-etched 

a t  t h e  s t a r t  o f  t he  process. 

The subs t ra te  types used a r e  c l a s s i f i e d  as fo l l ows :  a )  pol ished, 14 m i l ,  

2 R-crn; b )  as-sawed, 17 m i l ,  1 9-cm; c )  as-sawed, 8 m i l ,  1 R-cm; d )  chem- 

etched, 7 m i l ,  1 R-cm; 3 )  chem-etched, 4 m i l ,  1 R-cm. 

S t a t i s t i c a l  data have been accumulated a t  each s tep before, dur ing  and 

a f t e r  processing. Subst rate thickness, subs t ra te  r e s i s t i v i t y ,  tex tu red  

sur face  peak height,  and phosphorus d i f f u s i o n  sheet res is tance were measured. 

Tests were made f o r  open c i r c u i t  vol tage and photo-generation cu r ren t  before 

e r  AR coat  pa t te rn ing ,  and a f t e r  m e t a l l i z a t i o n .  

were taken f o r  rep resen ta t i ve  samp les. 

e c t r i c a l  performance was found t o  depend on subs t ra te  

th ickness  i n  exac t l y  t h e  manner predic ted by theory.  For the  simple, non-BSF 

s t r u c t u r e ,  power conversion e f f i c i e n c y  decreases as the  subs t ra te  i s  made 

t h  i nner.  

AR c o a t  dcposi t ion,  a f  

Current -vo l tage curves 

In  general, t h e  e 

1 



.-- 7 . 0 TCCtIN ICAL PROGRESS 

prov ide  a 

d i rec ted  

Each 

basel ine  f o r  judg ing  

oward i ncorporat  i ng 

t e s t  l o t  was s t a r t e d  

2.1 I N I T I AL EXPER I MENTAL LOTS 

Three inch diameter Czochralski wafers sawed t o  th icknesses o f  17 m i l s ,  

8 mi ls ,  and 5 m i l s  have been prepared by the  Motorola Semiconductor Group 

M a i e r i a i s  Operation. A mul t i p le -w i re  sawing technology was employed. Some 

o f  t h e  8 m i l  wafers and a l l  of t h e  5 m i l  wafers have been f u r t h e r  prepared by 

chemical ly  e tch ing  0.5 m i l  of s i l i c o n  from each s ide  t o  guarantee removal o f  

sawing damage. S t a t i s t i c a l  measurements on t h i s  mater ia l  were repor ted i n  

Technical Q u a r t e r l y  Report No. 1. A number of these wafers, a long w i t h  some 

c o n t r o l  wafers produced by Wacker, were used t o  e s t a b l i s h  t h e  f i r s t  s i x  t e s t  

l o t s  for t h i n  c e l l  f ab r i ca t i on .  The c e l l s  produced i n  these l o t s  w i l l  

c e l l  performance and processing improvements 

h i n  subs t ra tes  i n t o  p roduc t ion  processing. 

w i t h  24 wafers per l o t .  Th is  number a l lows a 

space p o s i t i o n  f o r  a t e s t  wafer i n  t h e  standard c a r r i e r s  and d i f f u s i o n  boats 

which hold 25 wafers. Each o f  t h e  s i x  t e s t  l o t s  i s  descr ibed i n  the  f o l l o w i n g  

paragraphs. Each s t a r t i n g  wafer i n  each o f  t h e  s i x  l o t s  has been measured t o  

determine wafer r e s i s t i v i t y  and thickness a t  t h e  wafer center .  

a r e  Czochra lsk i  mater ia l .  

A l l  wafers 

Lo t  A 1  i s  a c o n t r o l .  I t  conta ins wafers produced by Wacker which a re  

chemica l l y  etched on t h e  back and pol ished on t h e  f r o n t .  

r e s i s t i v i t y  i s  2.34 R-cm (u = 0.10 R-crn) and t h e  average center  th ickness 

i s  14.28 m i l s  ( a  = 0.21 m i l s ) .  

The average wafer 

Lo t  A2 conta ins  wafers f rom c r y s t a l s  grown a t  Motorola; they a re  i n  

on and a r e  edge rounded. The average wafer r e s i s t i v i t y  i s  

1 R-cm) and t h e  average th ickness a t  t he  center  i s  17.74 

S ) .  

t h e  as-cut  c o n d i t  

1.01 k c m  ( a  = 0. 

m i l s  ( a  = 0.19 m i  

2 



l o t  A3 i s  a l o t  of  t h i n ,  as-cut wafers grown and c u t  a t  Motorola.  

7tio;o wafers a re  no t  edge rounded. 

1.30 R-cm ( a  = 0.02 Q-cm) and t h e  average center  th ickness i s  8.24 m i l s  

( a  = 0.20 m i  Is). 

The average wafer r e s i s t i v i t y  i s  

nLt n a  * i s  a la? of t h i n  wafers s i i c e d  a i  ivioioroia i o  approximaieiy 5 

m i l s  and then chemical ly  th inned t o  e l i m i n a t e  saw damage. 

r e s i s t i v i t y  i s  1.20 R-cm ( a  = 0.04 R-cm) and the  average center  th ickness  

i s  4.39 m i l s  (a  = 0.05 m i l s ) .  

Average wafer 

A 5  is a l o t  of t h i n  wafers s l i c e d  a t  Motorola t o  approximately 8 

mi ls ,  edge rounded, and then chemical ly etched. The average wafer 

r e s i s t i v i t y  i s  1.44 R-cm ( a  = 0.19 R-cm) and t h e  average center  th ickness 

i s  7.22 m i l s  ( a  = 0.11 m i l s ) .  

Lo t  A6 i s  i d e n t i c a l  t o  lo t  A5 i n  s t a r t i n g  cond i t i on .  The average 

wafer r e s i s i t i v i t y  i s  1.51 Q-cm ( a  = 0.19 R-cm) and t h e  average cen te r  

th ickness  i s  7.09 m i l s  ( a  = 0.09 mi ls ) .  

De ta i l ed  t a b u l a t i o n s  of r e s i s t i v i t y  and s t a r t i n g  th ickness measurements 

for  each l o t  w i l l  be presented as  p a r t  of t h e  data i n  Sect ion 2.3. 

With t h e  except ion of sur face tex tu r ing ,  a l l  s i x  l o t s  were processed 

through t h e  same j u n c t i o n  formation, a n t i r e f l e c t i o n  coat ing,  and m e t a l l i z a t i o n  

steps. The wafers i n  l o t s  A I ,  A2, A3, A4, and A5 have been tex tu red  on 

bo th  s ides us ing  t h e  standard Motorola t e x t u r e  e tch  process. As a r e s u l t ,  

l o t s  A 1  and A2 have tex tu red  peaks w i t h  a nominal he igh t  o f  7 microns, l o t  

A 3  has tex tu red  peaks nominal ly 6.5 microns high, and l o t s  A4  and A5 have 

t e x t u r e d  peaks nominal ly  5 microns high. 

Each wafer i n  each l o t  was measured a f t e r  t e x t u r i n g  t o  determine wafer 

th i ckness  loss. The average "peak-to-peak" th ickness loss from before t o  

a f t e r  t e x t u r i n q  ranqed from 4.8 microns t o  7.6 microns. Thickness rneaqur-e- 

3 
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ments were performed w i t h  a stage micrometer, so measurements w i t h  tex tu red  

surfaces r e f l e c t  t h e  d is tance from tex tured  peaks on one s ide t o  t h e  t i p s  of  

tex tu red  peaks on t h e  o ther  s ide.  

tabulated i n  Sect ion 2.3. 

Thickness data a f t e r  t e x t u r e  a re  a l s o  

Lot  A6 was not  tex tu red  and has been re ta ined i n  t h e  smooth, chemical ly  

etched sur face condi t ion.  

Table 1 summarizes t h e  subst rate c h a r a c t e r i s t i c s  f o r  each o f  t h e  s i x  t e s t  

I ots.  

2.2 INITIAL PROCESS SEQUENCE 

The i n i t i a l  s i x  t e s t  l o t s  of t h i n  subst rate s o l a r  c e l l s  were processed w i t h  

t h e  f o l l o w i n g  process sequence: 

1. 

2.  

3 .  

4. 

5 .  

6. 

7. 

8. 

9. 

10. 

S t a r t  w i t h  sawed or sawed and etched wafers as procurred 

from M a t e r i a l s  Operation. 

Clean wafers i n  h o t  piranha s o l u t i o n  (a m i x t u r e  o f  s u l f u r i c  a c i d  

and hydrogen peroxide),  r inse, e tch  i n  d i l u t e  HF so lu t ion ,  r inse .  

Texture e tch  both s ides of  wafers and r i n s e  (exclud 

Dry wafers us ing Freon vapor "degreaser" technique. 

Plasma ox ida t ion /c lean ("ashing"). 

PH3 d i f f u s i o n ,  both sides, a t  900°C f o r  approximate 

S t r i p  phosphorus g lass  i n  HF and r inse .  

Dry wafers using Freon vapor "degreaser" technique. 

ng l o t  A 6 ) .  

y 18 minutes. 

Mesa etch f r o n t  perimeter and e tch  back t o  remove phosphorus layer .  

Th is  i s  done w i t h  a standard p h o t o r e s i s t  procedure t o  p r o t e c t  t h e  

des i red j u n c t i o n  from the s i l i c o n  e tch  (nitric-hydrofluoric-acetic 

a c i d  mix tu re) .  

P I asma ox i d a t  i on/c I ea n . 

5 



11. LPCVD Si3N4 deposition. 

12. 

13. Metallize. 

In step 13, to eliminate initlal concern for stress in using a so 

coating process for the metal contact, a plated palladium-silver metal 

system was used for lots A1 through A6. 

Etch front metal pat'tern, stripping back surface Si3N4 layer. 

In step 4 of the process sequence listed above, wafers are dried 

following manner. After rinsing, a carrier of wet wafers is placed in 

der 

i zat ion 

n the 

a 

container of isopropal alcohol which displaces and mixes with the water on 

the wafer surface. The carrier is then placed in the hot vapor section of a 

Freon vapor degreaser. 

surfaces and drips off the wafers to the liquid sump below, carrying any 

particulate residue away. 

the vapor, the Freon remaining on the wafer surface evaporates, leaving the 

wafers dry. This drylng process was originally chosen because It provides a 

The hot Freon vapor condenses on the colder wafer 

As the carrier of wafers i s  withdrawn from 

very gentle method for drying the thin substrates. 

determined with other experiments that conventional centrifugal spin-drying 

can be used, even for the 4 mil substrates, without substantial risk of 

b rea ka ge . 

However, it has since been 

In step 11 of the process sequence, LPCVD silicon nitride deposition 

refers to a low pressure chemical vapor deposition process whereby a uniform 

Si N film is deposited on both sides of the solar cell substrate at pressures 

below atmospheric pressure. 

serve both as a metal plating mask and as a front surface antireflection coating. 

3 4  

The nitride film thickness is such as to 

This process provides superior uniformity and reliabil 

throughput. 

Plasma oxidations were introduced in steps 5 and 

to eliminate some of the wafer handling involved in us 

ty with excellent 

0 as the first effort 

ng wet chemical cleans 

6 



and r i nses  p r i o r  t o  h igh  

plasma process requ i res  

breakage o f  very t h i n  s i  

Pe r t i nen t  data were 

temperature furnace operat ions.  Using the  d ry  

ess handling and i s  more g e n t l e  w i t h  respect t o  

icon substrates.  

taken f o r  each wafer i n  l o t s  A 1  through A6 a f t e r  

each major s tep i n  t h e  process sequence. Junc t ion  sheet res is tances were 

measured f o r  t h e  phosphorus d i f fused layer  a f t e r  complet ing step 8. Photo- 

generat ion c u r r e n t  was measured a f t e r  step 9 by us ing  a diode curve- t racer  

t o  observe t h e  s o l a r  c e l l  reverse-biased c h a r a c t e r i s t i c  I - V  curve under 

s imulated AM1 i l l um ina t ion .  The i l l u m i n a t i o n  was provided by a quartz-halogen 

lamp source and c a l i b r a t e d  w i t h  a reference c e l l  f ab r i ca ted  by JPL. 

These in-process data a r e  given i n  t h e  d e t a i l e d  tabu la t i ons  t o  be found 

i n  Sect ion 2.3. Wafer loss through in-process breakage was a l s o  recorded and 

t h i s  in fo rmat ion  was used t o  ca l cu la te  cumulat ive y i e l d s  a f t e r  major process 

steps. 

2.3 EXPER I MENTAL RESULTS 

2.3.1 BASELINE CELL STRUCTURE 

As a r e s u l t  o f  t h e  process sequence descr ibed i n  Sect ion 2.2, t h e  base- 

l i n e  s o l a r  c e l l  s t r u c t u r e  i s  a very bas ic  n-on-p con f igu ra t i on .  This  i s  

s i m i l a r  t o  what might  be used i f  one were choosing a s t r u c t u r e  f o r  t h e  l eas t  

expensive f a b r i c a t i o n  cos ts  w i t h  today's technology. 

O f  t h e  s i x  l o t s  discussed i n  t h i s  repor t ,  f i v e  consis ted o f  wafers which 

were textured,  both f r o n t  and back, a t  t h e  onset o f  processing. One l o t  was no t  

t ex tu red ,  but  was chemical ly  etched t o  smooth t h e  as-sawed surface. 

The n-type f r o n t  sur face j unc t i on  layer  was formed w i t h  a phosphorus 

d i f f u s i o n  ( f rom a PH source) fo l lowed by a mesa e tch  process. The mesa 

e t c h  process s t r i p s  t h e  unwanted d i f fused layer  from the  back o f  t he  subs t ra te  

and from a r i n g  around t h e  edge of  t he  c e l l  f r o n t .  

3 

Those areas which have been 
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etched t o  remove phosphorus are  smoothed considerably  compared t o  t h e  o r i g i n a l  

sharp-edged tex tu red  sur face bu t  s t i l l  r e t a i n  te t rahedra l  shapes. The 

2 r e s u l t i n g  p-n j u n c t i o n  area i s  43.3 cm . The average j u n c t i o n  depth f o r  l o t s  

A 1  through A6 i s  near 0.6 urn. No back sur face enhancement d i f f u s i o n  ( p +  l aye r )  

o r  back sur face f i e l d  (BSF) was employed f o r  these l o t s .  . 

The completed s o l a r  c e l l s  have an a n t i r e f l e c t i o n  coa t ing  o f  s i l i c o n  

n i t r i d e  ( S i  f4 1. Th i s  coa t ing  i s  app l ied  t o  both s ides o f  t h e  c e l l  

subs t ra te  before me ta l l i za t i on .  A low pressure chemical vapor depos i t i on  

(LPCVD) system c h a r a c t e r i s t i c a l l y  coats both s ides o f  t h e  wafers being 

processed. 

3 4  

Average Si jN4 coa t i ng  th ickness f o r  t h e  s i x  t e s t  l o t s  i s  7448. 

A metal p l a t i n g  mask i s  formed w i t h  t h e  S i 3 N 4  by s t r i p p i n g  the  back 

sur face  o f  t h e  wafer and pa t te rn ing  t h e  f r o n t  w i t h  a metal g r i d  pa t te rn .  

Thus, t h e  completed c e l l s  have metal t o t a l l y  cover ing t h e  back surface. The 

f r o n t  sur face g r i d  shadows approximately 8% o f  t h e  p-n j u n c t i o n  area. 

As p rev ious l y  s ta ted,  t h e  m e t a l l i z a t i o n  used for l o t s  A1 through A6 

c o n s i s t s  o f  a pal ladium-pal ladium s i l i c i d e  contac t  layer  and a s i l v e r  

conduct ing layer.  Th i s  system was chosen because it was a v a i l a b l e  and 

because the  4 m i l  subst rates 

breakage l i k e l y  t o  be encoun 

Unfor tunate ly ,  t h e  f r o n t  sur 

so ldered metal I i za t i on .  The 

p a t t e r n  were opt imized for  s 

could be s a f e l y  p la ted  w i thou t  concern f o r  

ered i f  a so lder-d ip  process were chosen. 

ace g r id  p a t t e r n  used i s  opt imized f o r  a 

amount o f  shadowing could be reduced i f  t he  

l v e r  instead. With the  pa t te rn  used and t h e  

s i l v e r  conductor, t h e  t o t a l  se r ies  res i s tance  o f  t he  c e l l  i s  t y p i c a l l y  about 

5 mi l l iohms.  

c u r r e n t  o f  1200 mA. 

Th i s  corresponds t o  a vo l tage  loss o f  about 6 mV a t  an ou tpu t  

a 



2.3 .2  LOT DATA SUMMARY 

Important parameters and experimental r e s u l t s  f o r  the  basel ine c e l l  

t e s t  l o t s  a r e  summarized i n  Table 2. Where items a r e  labeled average they 

are  t h e  mean va lue of measurementstaken on a l l  t h e  c e l l s  i n  a given l o t .  

The as-processed wafer th ickness i s  t h e  measured "peak-to-peak" 

wafer th ickness a f t e r  t e x t u r i n g  except for  l o t  A6, which i s  no t  tex tu red .  

Th is  measurement was discussed i n  Sect ion 2.1. The tex tu red  sur face peak 

s i z e  i s  an est imate (by o p t i c a l  microscopy) o f  t h e  la rges t  t y p i c a l  d is tance 

from t h e  base of t h e  s i l i c o n  surface te t rahedra  t o  t h e  peak. 

The open c i r c u i t  vo l tage ( V  1 and s h o r t  c i r c u i t  c u r r e n t  !Isc) values oc 
represent measurements on t h e  completed s o l a r  c e l l s .  

made w i t h  a d i g i t a l  vo l tmeter  and I s c  values were read from a curve- t racer  

d isp lay .  A l l  such measurements were made under tungsten-quartz-halogen 

lamp ( type  ENH) i l l u m i n a t i o n  s e t  t o  an i n s o l a t i o n  of 100 mW/cm2 by a JPL- 

ca  I i brated reference c e l  I (No. MO-04). 

Voc measurements we r e  

The maximum power (Pmax) data represent  values taken from cur ren t -  

n Section 2 . 3 . 3 .  

s o l a r  c e l l s  l e f t  

ed per l o t .  The 

notes of caut ion  must 

be g iven f o r  i n t e r p r e t i n g  t h e  y i e l d  numbers. F i r s t ,  these l o t s  represent t h e  

f i r s t  at tempt t o  process substrates of such th inness and must be expected 

t o  s u f f e r  somewhat from inexperience. As more experience i s  obtained and as 

nature o f  t h i n  substrates,  

hese l o t s  were subjected t o  

ng t o  accumulate s u b s t a n t i a l  

v o l t a g e  c h a r a c t e r i s t i c  curve plots which w i  \ I  be given 

Processing y i e l d  i s  simply t h e  number of completed 

i n t a c t  per l o t  d i v i d e d  by 24, t h e  number o f  wafers s t a r  

y i e l d  loss i s  s t r i c t l y  a r e s u l t  o f  wafer breakage. Two 

processing i s  a l t e r e d  t o  accomodate t h e  specia l  

y i e l d  w i l l  be improved. Second, the wafers i n  

an e x t r a  measure o f  prodding and probing by t r y  

9 
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amounts o f  in-process data. Th is  increases the  amount o f  handl ing and 

increases t h e  chance f o r  i n i t i a t i n g  f rac tu res .  Such data accumulation would 

no t  o r d i n a r i l y  be done f o r  r o u t i n e  c e l l  product ion.  

m r l "  T I  7-  h l T "  - n I - ~ l - . , - r n T , A h ,  2.3.3 U t  I /4 I L t U  Un I M r K t 3 t l Y  I /3 I I VI\ 

The data summarized i n  Table 2 a r e  g iven i n  d e t a i l  a t  t he  end o f  

t h i s  sec i ton  i n  Tables 3 through 8 and Figures 1 through 6 f o r  l o t s  A 1  

through A 6 ,  respec t ive ly .  I n  addi t ion,  Tables 3 through 8 l i s t  measurements 

o f  s t a r t i n g  subs t ra te  thickness, phosphorus d i f f u s e d  layer  sheet res is tance,  

ng 

ca I 

and s o l a r  c e l l  photo-generation cu r ren t  obta ined be fore  a n t i r e f l e c t i o n  coat  

and m e t a l l i z a t i o n  a r e  appl ied.  For each s e t  o f  data tabulated,  t he  s t a t i s t  

mean, standard dev iat ion,  and percent standard d e v i a t i o n  a re  given. Percen 

standard dev 

by 100. 

Each o f  

a t i o n  i s  t he  standard d e v i a t i o n  d i v  

the  cur ren t -vo l tage curves g iven i n  

a sample from l o t s  A 1  through A6, respec t ive ly .  

c u r r e n t  ( I m p ) ,  Pmax, power conversion e f f i c i e n c y  

F igures 1 through 6 represents 

Data taken and computed from 

t h e  curves inc lude Voc , I s c ,  maximum power vo l tage ( V  1, maximum power 
mP 

(TI), and curve f i l l  f a c t o r  

area o f  a th ree  inch diameter 

he j u n c t i o n  mesa pa t te rn  

I f  on l y  the  p-n j u n c t i o n  

(CFF) .  E f f i c  

s i  I i con  wafer 

and t h e  metal 

ded by t h e  mean and m u l t i p l i e d  

area ( i nc 

formed t o  

by an add 

ency numbers a r e  based on t h e  t o t a  

w i t h  f l a t s  (45.35 cm 1, f o r  which 

i z a t i o n  g r i d  p a t t e r n  a r e  designed. 

2 

uding metal shadowing) were considered, o r  i f  t h e  j u n c t i o n  were 

the  edge o f  t h e  wafer, the e f f i c i e n c y  values given would be increased 

t i o n a l  0.6% ( i .e . ,  I-I = 13.9% would become q = 14.5:). 

1 1  



TABLE 3: Wafer da ta  for  t e s t  lot  r 
I- z w a a 
3 

w o  
0 

L o -  
E - <  
XI- E 

w 
w w  
L T Z  

a z  

m a -  

a w  m u  

c w 
LL 

4 
-- 

579 

57 5 

57 7 

57 5 

1 

2 

3 

4 

5 

G 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

1 '7 

1 :3 

19 

20 

21 

22 

23 

24 

13.91 

14.15 

14.06 

14.40 

13.97 

14.33 

14.43 

14.22 

14.48 

14.50 

14.42 

14.07 

14.47 

14.23 

14.55 

14.43 

14.16 

14.68 

14.20 

13.93 

14.41 

14.18 

14.38 

14.04 

2.47 

2.34 

2.27 

2.41 

2.39 

2.42 

2.49 

2.30 

2.29 

2.44 

2.30 

2.37 

2.33 

2.44 

2.48 

2.17 

2.29 

2.36 

2.12 

2.29 

2.36 

2.37 

2.38 

2.19 

13.93 

13.94 

13.82 

14.25 

13.81 

14.12 

14.27 

14.10 

14.31 

t4.37 

14.21 

13.90 

14.29 

14.10 

14.40 

14.26 

14.00 

14.51 

14.05 

13.74 

13.85 

13.90 

14.21 

13.84 

33.2 

33.9 

31.9 

34.0 
--- 
31 .O 

34.8 

31.6 

32.3 

35.6 

31.6 

29.0 

33.6 

31 .O 
31.6 

31.1 

33.2 

30.2 

31 - 5  

31.7 

29.5 

30.1 

31.3 

30.2 

1230 

1240 

1300 

1300 

1300 

1280 

230 

240 
-- 
230 

230 

230 

1280 

1280 

1280 

1280 

1280 

1280 

1280 

1280 

1270 

1270 

1280 

1280 

1300 
--- 
1280 

1290 

576 

575 

577 

577 

57 4 

576 

575 

574 

574 

573 

57 7 

57 3 

577 

1220 

1220 

1220 

1230 

1210 

1220 

1230 

1220 

1220 

1230 

230 

240 

240 

250 

250 

270 

575 

577 

--- 
1290 574 

14.09 
0.22 
1.5$ 

MEAN 
STD. DEV. 
% STD. DE\/ 

2.34 
0.10 
4.18 

-- 

N . A 

1232 
13 

1 . 1 %  

1284 
9 

0.7% 

576 

0.35 
3 '. 

32.0 
1.7 
5.35 

95.84'0 

14.28 
0.21 
1.5% 

1\1 . A . CUMULATIVE 
YIELD 

100% 
I- 

95.85 

17 



TABLE 4: Wafer data for  t e s t  lo t  no. A2 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

MEAN 
STD. DEV. 
% STD. DEV 

SUMULAT I VE 
YIELD 

~ 

17.82 

17.68 

117.82 

17.67 

17.58 

17.63 

17.51 

17.50 

. 17.68 

17.89 

17.77 

17.96 

18.10 

17.79 

17.58 

17.94 

18.07 

17.65 

17.59 

17.62 

17.59 

17.60 

17.70 

18.13 

17.74 
0.19 
1.1% 

N.A.  

0.89 

0.88 

0.87 

0.88 

0.89 

0.87 

0.88 

0.88 

0.89 

0.88 

1.09 

1.12 

1 .11  

1.12 

1.09 

1.10 

1.10 

1.08 

1.10 

1.04 

1.09 

1.08 

1.12 

1.10 

1.01 
0.11 

10.9% 

N.A. 

17.28 

17.22 

17.41 

17.35 

17.32 

17.39 

17.27 

17.28 

17.28 

17.43 

17.55 

17.70 

17.68 

17.48 

17.35 

17.71 

17.79 

17.43 

17.38 

17.35 

17.37 

17.35 

17.38 

17.75 

- 

17.44 
0.17 
1 .o$ 

100% 

32-4  

32.0 

33.5 

33.7 

32.9 

33.9 

31.9 

34.6 

32.0 

34.0 

31.1 

32.0 

34.0 

31.5 

31.3 

32.7 

29.8 

30.3 

31 .O 

28.4 

31.7 

28.9 

28.6 

28.0 

31.8 
1.8 
5.6% 

100% 

7 

1220 

1210 

1200 

1200 

1200 

1190 

1190 

1190 

1180 

1200 

1200 

1200 

1220 

1200 

1200 

1200 

1190 

1200 

1210 

1210 

1200 

1200 

1220 

1200 

1201 
10 

0.8% 

100% 

1290 

1300 

1310 

1310 

1300 

1300 

1300 

1310 

1300 

1300 

1300 

1310 

1320 

1320 

1'3 1 0 

1310 

1300 

1300 

1310 

1310 

1310 

1310 

1310 

1310 

1306 
7 

0.5% 

-.I 

ul- 
O 5  8 
f i g > -  
y c 3  E 
n z +  
o a o  

l - - - w >  

a- 
X W d  

0 0 >  

607 

605 

605 

60 5 

603 

603 

603 

605 

602 

604 

599 

600 

60 1 

600 

600 

599 

599 

598 

600 

600 

600 

60 1 

600 

599 

602 
3 

0.4% 

100s 



TABLE 5: Wafer data  f o r  t e s t  lot no. A3 

!2 
W 
tz 
CY 
2 

w o  o 
LO" 
CY- 

tY 
w w  
C Y 2  

a z  

cna- 
3k-2 

3% 

cn 
v) x 
0 
I- 
t - m  
- 
- 

52 'E -- 
I- fx 
I- m 
a 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

8.83 

8.06 

8.31 

8.60 

8.31 

8.08 

8.30 

8.50 

8.22 

8.03 

8.09 

8.08 

8.14 

8.20 

8.28 

8.31 

8.42 

8.12 

8.06 

8.08 

8.25 

8.12 

8.06 

8.25 

1.28 

1.27 

1.26 

1.28 

1.30 

1.30 

1.26 

1.28 

1.30 

1.32 

1.32 

1.31 

1.32 

1.30 

1.27 

1.31 

1.31 

1.33 

1.32 

1.31 

1.31 

1.31 

1.33 

1.29 

8.45 

7.81 

8.05 

8.28 

8.03 

7.82 

8.05 

8.20 

7.92 

7.76 

7.82 

7.80 

7.89 

7.95 

8.00 

8.03 

7.99 

7.35 

7.80 

7.81 

7.98 

7.90 

7.75 

7.97 

54.6 

46.5 

40.3 
--- 
56.4 

63.4 

54.3 

64.6 

55.8 

46.5 

52.8 

52.0 

50.5 

48.7 

47.2 

44.6 

54.9 

45.8 

44.0 

45.1 

40.3 

40.0 

37.6 

37.1 

1240 

1240 

1230 
--- 
1240 

1240 

1240 

1220 

1230 

1230 

1230 

1230 

1220 

1240 

1240 

1240 

1240 

1230 

1240 

1230 

1230 

1230 

1240 

1210 

--- 
1270 

1250 
--- 
1250 

1220 

1260 

1280 

1260 

1250 

1260 

1250 

1250 

1250 

1250 

1240 

1240 

1260 

1240 

1250 

1250 

1250 

1250 

1240 

--- 
588 

586 
--- 
586 

579 

586 

588 

586 

585 

586 

586 

585 

586 

586 

556 

585 

587 

577 

585 

586 

586 

586 

585 

7.95 
0.17 
2.1% 

MEAN 
STD. DEV. 
% STD. DEV 

49.4 
7.3 

14.8% 

1233 
8 

0.7$ 

1251 
12 

1 .o$ 
586 

0.3% 
3 '- 

8.24 
0.20 
2.4% 

N.A. 

1.30 
0.02 
1.6% 

N.A. CUMULATIVE 
Y I ELD 100% 95.8% 95.8% 91.7% 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

MEAN 
STD. DEV. 
% STD. DEV 

CUMU LAT I V E 
Y I ELD 

TABLE 6: Wafer data  fo r  test l o t  no. A4 

4.35 

4.38 

4.36 

4.39 

4.40 

4.41 

4.39 

4.40 

4.43 

4.37 

4.47 

4.50 

4.50 

4.36 

4.33 

4.39 

4.32 

4.40 

4.34 

4.43 

4.43 

4.28 

4.42 

4.39 

4.39 
0.05 
1.2% 

N.A. 

> 
I-- 
- €  w o  

I - 
e t ; ; Z  
w -  
LLm 
3 c  a w  

-- 
1.37 

1.19 

1.24 

1.20 

1.20 

1.20 

1.17 

1.20 

1.18 

1.20 

1.20 

1.18 

1.17 

1.17 

1.18 

1.21 

1.20 

1.23 

1.24 

1.18 

1.20 

1.18 

1.23 

1.19 

1.20 
0.04 
3.4% 

N.A. 

4.13 

4.16 

4.12 

4.17 

4.20 

4.20 

4.17 

4.16 

4.22 

4.18 

- 4.25 

4.29 

4.23 

4.15 

4.19 

4.19 

4.12 

4.19 

4.14 

4.20 

4.23 

4.09 

I 

--- 
--- 

4.18 
0.05 
1 . 1 %  

91.74% 

39.1 

43.6 

41.4 

39.4 

39.2 

36.5 

40.8 

38.2 

39.2 

42.3 

38.0 

36.8 

37.7 

36.5 

37.2 

35.7 

36.1 

35.8 

35.0 

33.0 
--- 
29.6 
--- 
--- 

38.1 
2.6 
6.7% 

87.5$ 

15 

1220 

1280 

1280 

1240 

1240 

1250 

1300 

1270 

1260 

1220 

1230 

1260 

1230 

1220 

1220 

1220 

1240 

1210 
--- 
1230 
--- 
1240 
--- 
--- 

1243 
25 

2.0% 

83.374 

J 
Jl- w -  
0 3  0 

o m  
Q C - -  

I-oI- E w z- 
JI -U 

z o c  
013 
0cno 

w -  a 

n a a  

1170 
--- 
--- 
1180 

1180 

1180 

1190 

1190 

1200 

1190 

1180 

1180 
--- 
1180 

1180 

1190 

1190 

1190 
--- 
1190 
--- 
--- 
--- 
--- 

1185 
7 

0.6% 

--- 

575 
--- 
--- 
579 

578 

578 

578 

577 

578 

577 

578 

579 
--- 
578 

576 

578 

577 

576 
--- 
578 
--- 
--- 
--- 
--- 

578 
1 

0.2% 

66.7% 



TABLE 7: 
-I- 

CL' 
W m 
f 
5 
s 

z 

LL 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

MEAN 
STD. DEV. 
% STD. DEV 

ZUMULAT I VE 
Y I ELD 

Wafer  d a t a  f o r  t e s t  lo t  no. A5 

~- 

7.15 

7.29 

7.10 

7.18 

7.10 

7.16 

7.17 

7.14 

7.01 

7.18 

7.17 

7.16 

7.12 

7.35 

7.49 

7.39 

7.26 

7.25 

7.22 

7.23 

7.36 

7.22 

7.26 

7.29 

7.22 
0.11 
1.5% 

N . A .  

1.36 

1.35 

1.41 

1.41 

1.36 

1.39 

1.67 

1.68 

1.18 

1.69 

1 :24 

1.21 

1.25 

1.42 

1.73 

1.68 

1.64 

1.64 

1.68 

1.37 

1.37 

1.32 

1.20 

1.25 

1.44 
0.19 

12.9% 

N . A .  

7.00 

7.05 

6.93 

7.02 

6.97 

6.98 

7.00 

6.99 

6.82 

6.93 

. 6.98 

6.98 

6.95 

7.18 

7.16 

7.21 

7.10 

7.09 

7.05 

7.05 

7.09 

7.05 

7.08 

7.00 

7.03 
0.09 
1.2% 

100% 

L 
w w  
I O  
cnz- 
ZI- 
O f n \  c: 
+ m u  

3. 

a n  
-- 
Y k !  
7 

34.8 

35.7 

37.1 

36.4 

37.2 

38.3 

39.5 

38.4 

39.6 

38.2 

41.1 

41.8 

38.8 

41.6 

44.9 

43.0 

43.2 

43.9 

45.3 

46.6 

44.4 

51.9 

52.7 

44.6 

41.5 
4.7 

11.4% 

100% 

i 6  

1340 

1280 

1280 

1320 

1300 

1280 

1290 

1300 

1270 

1280 

1260 

1240 

1250 

1240 

1260 

1250 

1260 

1270 

1260 

1260 

1280 

1270 

1260 

1230 

1272 
25 

2.0% 

100% 

1270 

1270 

1270 

1280 

1290 

1280 

1280 

1290 
--- 
1280 

1280 

1280 

1280 

1290 

1290 

1290 

1290 

1290 

1300 

1290 

1290 

1300 

1300 

1290 

1286 
9 

0.7% 

-1 
J 
W +  
0 -  0 
3 0  

O O >  
W Q I  

- w >  LO" E 
-J a- azI- 
o m 0  
O O >  

596 

594 

593 

59 3 

594 

594 

588 

588 
--- 
588 

594 

59 5 

594 

593 

588 

590 

588 

58% 

588 

592 

5 92 

593 

593 

593 

592 
3 

0.5% 

95.8% 



TABLE 8: Wafer data  for test  l o t  no. A6 - 

I5 
3 

s 

m 

z 
E 
W 
L L  

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 
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3.0 CONCLUSIONS AND RECOMMENDATIONS 

A general summary o f  t h e  data presented I n  t h i s  r e p o r t  m 

t e s t  l o t s  behaved e x a c t l y  as expected and created a f i r m  base 

processing v a r i a t l o n s  and device s t r u c t u r e  changes can be imp 

evaluated. The c e l l  performance as a f u n c t i o n  o f  t h  

i s  i n  e x c e l l e n t  agreement w i t h  p rev ious ly  publ ished 

empi r i ca l  (2) work. Thus a good foundation has been 

lead t o  processing and performance improvements. 

A number of s p e c i f l c  conclusions can be drawn. 

n-on-p basel ine s t r u c t u  

l o t  must be tempered S I  

of t h e  c e l l  substrates.  

r e s u l t  i n  a decrease i n  

g h t  be t h a t  t h e  

Ine  from which 

emented and 

ckness as given i n  Table 2 

h e o r e t i c a l  ( 1 )  and 

es tab l i shed which can 

As e x h i b i t e d  i n  Table 2, 

power ou tpu t  f a l l s  o f f  d i r e c t l y  i n  r e l a t i o n  t o  c e l l  th inness for  t h e  simple 

e. Dif ferences i n  power ou tpu t  data for  each t e s t  

g h t l y  by the e f f e c t  of d i f f e r e n c e s  i n  t h e  r e s i s t i v i t y  

For example, a change from 1.0 a-cm t o  1.5 Q-cm w i l l  

open c i r c u i t  v o l t a g e  o f  about 9 mV. Th is  i s  e s p e c i a l l y  

important i n  comparing l o t  A 1  (2.34 Q-cm) w i t h  respect t o  t h e  o t h e r  l o t s .  

Processing y i e l d ,  a t  l e a s t  for t h i s  f i r s t  t r i a l ,  a l s o  f a l l s  o f f  w i t h  

wafer th inness. However, t h i s  conclusion i s  n o t  i r revocable.  Add i t iona l  

processing experience and changes in  handl ing techniques may minimize t h e  

d i f f e r e n c e  between t h i n  and t h i c k  substrates. The f a c t  t h a t  mater ia l  

c h a r a c t e r i s t i c s  and handl ing are  both very important t o  y i e l d  can be proven 

by c o n s i d e r i n g  t h e  14 m i l  t h i c k  wafers of l o t  A l .  Th is  l o t  was completed 

w i t h  a lower y i e l d  than t h a t  of three o t h e r  l o t s  o f  7 and 8 m i l  t h i c k  wafers. 

( 1 )  H. J .  Hovel, 1 
Academic Press, New York, 1975, Chap. 5. 

C.F. Gay, "Thin S i  I icon Solar  Cel I Performance Character is t ics , "  

Proceedings o f  t h e  T h i r t e e n t h  IEEE Photovo l ta ic  S p e c i a l i s t s  Conference, 

1978, p. 444. 

(2) 
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The busel Ine d 

r e s u l t e d  i n  very un 

for cells w i t h i n  a 

f f u s l o n  process which was used fo r  

form s h o r t  c i r c u i t  c u r r e n t  and open 

o t .  Among these s i x  lo ts ,  t h e  wors 

o t s  A 1  through A6 

c i r c u i t  vo l tage values 

standard d e v i a t i o n  

f o r  c u r r e n t  was 1% and t h e  worst f o r  v o l t a g e  was 0.7%. 

smaii d e v i a i i o n  can be shown i o  be due i o  v a r i a i i o n s  i n  subsi.rai.e resistivity 

w i t h i n  a lot. 

Ac tua l l y ,  much of  t h i s  

25 



4.0 PLANS 

For t h e  coming quar te r  t h e  program p l a n  i s  expected t o  proceed on 

schedule. Fur ther  s tud ies  w i l l  be i n i t i a t e d  t o  compared advanced c e l l  

s t r u c t u r e s  u t i l i z i n g  var ious combinations o f  sur face preparat ions,  back 

sur face f i e l d s ,  back sur face opiicai r e f i e c i i o n s ,  and ion-impianted irnpur-ii-y 

th ickness  o f  

s of 

layers. Samples w i l l  be prepared for  determin ing t h e  optimum 

saw damage removal from as-cut, wire-sawed wafers. An i n i t i a  

wafer ing and processing y i e l d s  w i l l  be formulated and r e l a t e d  

performance and cos t .  

5.0 NEW TECHNOLOGY 

No r e p o r t a b l e  i tems of new techno ogy have been ident  

6.0 PROGRAM AND DOCUMENTATION MILESTONES 

ana I ys 

t o  c e l l  

f i e d ,  as ye t .  

A c t i v i t i e s  associated w i t h  the t o t a l  program a r e  shown i n  t h e  Program and 

Documentation Mi lestone Charts, Figures 1 and 2 contained i n  Appendix 1 .  
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